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Indian Standard 

TEST METHOD FOR 

OXIDATION STABILITY OF INHIBITED 

MINERAL INSULATING OILS 

0. FOREWORD 



0,1 This Indiaa Standard was adopted by the 
Bureau of Indian Standards on 25 May 1988, 
after the draft finalized by the Liquids and 
Gaseous Dielectrics Sectional Committee had 
been approved by the Electrotechnical Division 
Council. 

0.2 This standard deals with the test method for 
the determination of oxidation stability of unused 
inhibited mineral insulating oils. This standard 
shall be used in conjunction with IS : 335 - 1983*. 

0.3 Oxidation of insulating oils due to the forma- 
tion of gases, deteriorates the electrical properties 
of insulating materials considerably. It is neces- 
sary to determine the stability of such oxidized 
oils to evaluate their performance as insulating 
medium, when being used in the long range. 
The test method specified in this standard deter- 
mines the oxidation stability of unused inhibited 
insulating mineral oils by measuring the induction 
period. This method can also be used to obtain 



information oa the acid and sludge forming ten- 
dency before or after the induction period. 

0.4 The continuity of oil supplies can be tested 
by this method* This test method does not ensure 
or provide any information about the oil, when 
used in service. As such any information about 
the performance of the oil during service is not 
within the scope of this standard. 

0.5 In the preparation of this standard, consider- 
able assistance has been taken from lEC standard 
474 ( 1977 ) *Test method for oxidation stability 
of inhibited mineral insulating oils', issued by the 
International Electrotechnical Commission. 

0.6 For the purpose of deciding whether a parti- 
cular requirement of this standard is complied 
with, the final value, observed or calculated, 
expressing the result of a test or analysis, shall be 
rounded off in accordance with IS : 2 - I960*. 
The number of significant places retained in the 
rounded off value should be the same as that of 
the specified value in this standard. 



*Specification for new insulating oils ( third revision ). 



*Rules for rounding oiFnunierical values ( revised ). 



1. SCOPE 

1.1 This standard deals with the test method for 
determination of oxidation stability of unused 
inhibited mineral insulating oils. The results of 
this test method do not provide any information 
of the performance of the oil under service 
conditions, 

2. TERMINOLOGY 

2.0 For the purpose of this standard, the follow- 
ing definitions shall apply, in addition to those 
given in IS : 335 - 1983*. 

2.1 Induction Period — Induction period is the 
time taken for the oil to develop a volatile 
acidity corresponding to a NV ( VA ) = 0"28 mg 
KOH/g oil. 

2.2 Repeatability — A quantitative measure of 
the variability associated with a single operator 
in a given laboratory obtaining successive repeat 

♦Specification for new insulating oils ( third revision ). 



results on the same apparatus. It is defined as 
that difference between two such single results 
that would only be exceeded in the long run in 
one case in twenty in the normal and correct 
operation of the test method. 

2.3 Reproducibility — A quantitative measure 
of variability associated with operators working 
in different laboratories, each obtaining single 
result on identical test material. It is defined as 
that difference between two such single and inde- 
pendent test results that would be exceeded in 
the long run only in one case in the normal and 
correct operation of the test method. 

3. TEST METHOD 

3.1 General — The time required for an oil to 

develop a volatile acidity corresponding to a 
neutralization value NV ( VA ) of 0*28 mg 
KOH/g oil is measured. The oil sample Is main- 
tained at \2{fC in the presence of a copper 
catalyst coil while bubbling through a constant 
flow of oxygen. Volatile oxidation products are 
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observed in aqueous aJkali containing phenolph- 
thalein. The completion of the test is indicated 
by the discolouration of the absorbing solution. 

3.2 Test Equipment 

3.2.1 Heating Arrangement 

3.2.1,1 A thermostatically controlled alumi- 
nium alloy block heater or oil bath may be used 
to maintain the oil in the desired number of 
oxidation tubes at the required temperature of 
120 ± O'S^'C I see Fig. 1 and 3 ). This tempera- 
ture shall be read on a thermometer inserted in 
an oxidation tube to within 5 mm from the 



bottom; this oxidation tube shall be filled with 
oil up to the immersion line of the thermometer 
and placed in the heating bath. The temperature 
of the upper surface shall be maintained at 60 ± 
5°C. Measure this temperature by the use of a 
thermometer in a drilled aluminium block ( see 
Fig. 2 ). The surfaces of this block, other than 
that against the upper surface of the heating 
device, are protected by suitable insulation, for 
example, asbestos sheets of 4 mm thickness. This 
block should be placed as near to the holes as 
practicable and within the area of the upper 
surface covering the heating device. 



ALUMINIUM ALLOY 



ALUMINIUM ALLOY TEMPERATURE 
MEASURING BLOCK (See FIG. A) 



HEATED 
ALUMINIUM 
|Al,LdY 
BLOCK 




THERMAL INSULATION 



AH dimensions in millimetres. 
Fio. 1 Typical 8 Holes (4x2) Aluminium Heating Block 

MIWMUM DISTANCE BETWEEN 
CENTRE OF ADJACENT TUBE 



u n 




THERMAL 
INSULATION 



ALUMINIUM ALLOY TEMPERA- 
TURE MEASURING BLOCK 



All dimensions in millimetres. 
Fig. 2 Aluminium Alloy Temperature Measuring Block 
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Fig. 3 



All dimensions in millimetres. 
Position of thb Tube in the Oil Bath 



3v2.1.2 When using an aluminium heating 
block, the oxidation tubes are mserted into the 
holes to an overall depth of 150 mm. The depth 
of the holes in the heating part of the block shall 
be at least 125 mm and short metal collars, pass- ^ 
ing through the insulating cover and surrpundirig 
each oxidation tube, will ensure heating over tHc 
150 mm length of the tube, 

3.2.1.3 In the case of oil baths^ the oxidation 
tubes shall be immersed to a depth of 137 mm in 
the oil and to an overall depth of 1 50 mm in the 
bath ( see Fig. 3 ). 

3.2.1.4 For both types of heating device, the 
height of the oxidation tubes above the upper 
surface shall be 60 mm and the diameter of the 
holes shall be just sufficient to allow insertion of 
the specified tube. In the case of slackness, a 
25 mm diameter O-ring may be placed round the 
tube and pressed against the insulated top. The 
heating bath should be equipped with supports 
to hold the absorption tubes. 

Note — The test shall be conducted away from sun 
light. 

3.2.2 Test Vessels 

These consist of borosiiicate or neutral glass 
test tubes provided with a B 24 ground joint of 
the following dimensions. The test tube is fitted 
with a Drechsel head to which is attached the 
inlet tube which extends to within 2*5 ± 0*5 mm 
from the bottom and has its end ground at an 
angle of 60'' to the horizontal axis ( see Fig. 4 ). 

a) Overall length, mm 

b) External diameter, mm 

c) Wall thickness, mm 

d) Height of the head, mm 

e) Oxygen inlet tube : 

1) External diameter, mm 

2) Wall thickness, mm 



210 ± 2 


26 ± 0-5 


1-4 ± 0-2 


28 ± 2 


5-0 ± 04 


0-8 i 0-1 



3.2.3 Absorption Tubes 

These are identical with the test vessels and 
the distance between axis of the two tubes shall 
be 150 ± 50 mm Connections between the test 
and absorption tubes should be as short as possi- 
ble, of glass tubing butt jointed to the vessels 
by means of short flexible sleeves ( silicon rubber 
sleeving has been found suitable for this pur- 
pose ). These tubes are mounted outside the 
heating device. 

3.2.4 Filtering Crucibles — Gooch-type cruci- 
bles with fused-in fitted glass disk of grade 4 
porosity ( 5 to 15 microns), for example, of 
35 ml capacity. 

3.2.5 Determination of the Maximum DIameur 
of the Pores of a Glass Filter 

3.2.5.1 The determination of the iiiaximum 
diameter of the pores provides an indication of 
the retaining capacity of the filter, that is the 
maximum diameter of spherical particle that can 
pass through it. 

3.2.5 2 The maximum diameter of the pores 
is determined by measuring the air pressure 
necessary to cause the first air bubble to pass 
through the filter moistened by the liquid to be 

tested, 

3.2.5.3 The following relationship is used: 

where 

D = diameter, in micrometres, of the pore; 

y == surface tension of the test liquid, 
in Newtons/metre; and 

P ^^^ observed pressure, in Pascals. 

Note - In order to check a fihcr having a uiaximuivi 
pore diameter 6f 4 to 10 (tm, either water or catbon 
tetrachloride is use^ as a test liquid. 
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All dimensions in millimetres. 
Fig, 4 Test Vessel and Absorption Tube 
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Fig 5 Apparatus foe Determination of Maximum 
Diameter of the Pores of a Glass Filter 
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3.2.5»4 The washed filter is completely immer- 
sed in the test liquid of which a film of several 
millimetres thickness will remain on the upper 
surface of the filter attached to the apparatus 
( see Fig. 5 )> 

3.2*5.5 A uniformly increasing pressure is 
applied to the filter until one or two bubbles of 
air appear in the liquid above the filter. The 
manometer reading enables the maximum dia- 
meter of the pores to be calculated. This mano- 
meter can be directly calibrated in pore diameters. 

3*2.5.6 For a filter, whose maximum pore 
diameter is between 4 and 10 /^m, the manometer 
reading in Pascals will be 72 to 29 kPa for water 
and 26 to 10*5 kPa for carbon tetrachloride ( see 
Fig. 5). 

3.2.6 Porcelain Vessels — Capacity ; 50 ml. 

3.2.7 Soapmeter — For checking oxygen flow 
rate ( see Fig. 6). 
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All dimensions in millimetres. 

Fig. 6 Rubber R£SBrvoir Containinc 

Soap Solution 



3.2.8 Timer — For checking oxygen flow rate 
Subdivisions of the graduation 0'2 s. 

3.2.9 Oxygen Supply Train — Oxygen should 
be dried by passing tiirough concentrated sulphuric 
acid and then through a drying tower filled with 
glass wool and soda asbestos. Any other method 
known to be of equal or greater efficiency can, 
however, be used. Oxygen is then metered into 
each test tube by any suitable gas flow measuring 
device. 

3.2.10 Burette — Volume 10 ml with gradua- 
tions of 001 ml. 

3.2. It Thermometer — A thermometer confor- 
ming to the requirements given in Appendix A. 

4. REAGENTS 

4.1 Alkali Blue 6 B Indicator — 2 g of alkali 

blue 6 B per 100 ml of azeotropic ethanol ( about 
5 percent water ). Extract 2 g of alkali blue 6 
B with azeotropic ethanol in a Soxhlet apparatus, 
filter, if necessary, and dilute to 100 ml with azeo- 
tropic ethanol. Add 3 ml of 0' I N HCl and after 24 
hours carry out a check acid value to confirm 
that the indicator has been sensitized, that is a 
colour change. Should sensitization not be suffi- 
cient, then add more O'l NHCl until sensitization 
has occurred. Periodic sensitization may be 
necessary. 

4.2 Phenolphthaleiii Indicator — 1 g of phe- 
nolphthalein per 100 ml of azeotropic ethanol 
( about 5 percent water ). 

4.3 Titration Solvent — Mix 3 parts by volume 
of toluene ( sulphur-free grade ) and 2 parts by 
volume of azeotropic ethanol. 

4.4 Potassium Hydroxide — 0*1 N alcoholic 
solution. 

4.5 Oxygen — Obtained from liquid air, 99'4 
percent minimum purity. 

4.6 Hydrochloric Acid — Aqueous 01 

solution. 



N 



5. PREPARATION OF GLASSWARE 

5.1 Method of Cleaning the Test Vessels 

5.2 The test tube shall be chemically cleaned. 
A method of cleaning, which has been found 
satisfactory, is to wash with acetone, distilled 
water, then with concentrated sulphuric acid 
which is removed by washing, first with tap water, 
then with distilled Avater. 

5.3 The reagents used shall be of chemically pure 
grade. 

5.4 The apparatus is dried in an air-oven at 105- 
JlOXfor at least 3 hours and then allowed to 
cool to room temperature in a desiccator in 
which the test-tubes are kept until they n re- 
used. 
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6. CATALYST 

6«1 A 900 mm length of soft electrolytic copper 
wire is rolled into a spiral approximat^'ly 20 mm 
external diameter. 

6.2 Immediately before use, the requisite length 
of copper wire is cleaned with 100 grade silicon 
carb'de abrasive cloth. AH traces of abrasive are 
removed with a lintlcss filter paper and then with 
a dry lintless cloth. 

6.3 Roll the wire into a spiral of approximately 
2 cm external diameter and 5 cm long. 

6.4 The spiral is thoroughly cleaned by dipping it 
into normal heptane, then dried in air and imme- 
diately introduced into the test vessel. 

6.5 To avoid contamination, the prepared copper 
shall be handled only with tweezers. The copper 
wire shall not be re-used, 

7. OIL SAMPLE CONDITIONING 

7.1 Oil to be tested shall be filtered through a 
previously dried ( 1 h at 105X ) fritted glass 
filter ( grade 4 porosity ) to remove traces of 
sediment, fibre and excess water. The first 25 ml 
of filtrate should be discarded. 

8. PROCEDURE 

8.1 Preparation of the Test — Adjust the 
heating bath to maintain the oil in the desired 
number of oxidation tubes at the required tempe- 
rature of 120 ± 0-5**C. Weigh 25 ± 1 g of oil 
into the oxidation tube and insert the catalyst 
coil prepared as described in 6. Insert the 
Drechsel head and place the tube into the heater. 
Pour into the absorption tube, 25 ml of an 
alkaline solution prepared by diluting 50 ml of 
the 01 N alcoholic KOH solution to I litre with 
distilled water. Add a few drops of phenolphtha- 
lein indicator solution. Insert the Drechsel head 
and connect to the oxidation tube Adjust the 
oxygen flow to deliver 1 ± 0*1 1/h measured by 
means of the soapmeter connected to the outlet 
end of the absorption tube ( see Fig, 4 ). 

8.2 Oxidation 

8.2.1 Oxidize the oil while maintaining its 
temperature at 120 + 0'5**C and an oxygen flow 
rate of 1 ± O'l 1/h. Check oxygen flow and 
temperature daily. Twice a day ( at the beginning 
and end of the working day ), inspect the absorp- 
tion tube for discolouration. 

Note the time at which discolouration is 
observed and discontinue the test then or after 
236 h, whichever period is the shorter. 

8.2.2 If required, determine after a specified 
duration, additional characteristics ( sludge con- 
tent, soluble, volatile and total acidities, oxida- 
tion rate ) of the oxidized oil according to 8.4. 

NOTB — Phenolphthalein fades rather quickly when 
exposed to strong direct light. Should a faint tint be 



observed, it is suggested that a few more drops of 
indicator are added. 

8.3 Detennination of the Induction Period — 

For the purpose of this method, the induction 
period is arbitrarily set as the time taken for the 
oil to develop a volatile acidity corresponding to 
aNV( VA)-0-28 mg KOH/g oil. Report, as 
induction period, the mean of the times corres- 
ponding to the two visual inspections immediately 
preceding and following discolouration of the 
absorption tube. The period between the two 
final inspections should not be greater than 20 h. 

Note 1 — When following the above procedure, the 
interval between two consecutive inspections is 8 h 
during the day arid 16 h at night. In order fo reduce 
this interval, two tests should be run, the first being 
started, for instance, at 0900 h and the second at 1 00 h. 
This schedule of tests offers a series of inspections 
spaced 8 h apart without exceeding the limits of an 8 h 
day. 

When no information is available on the test dura- 
tion, a new set of the tests should be started two days 
later to avoid extending the inspections through the 
week-end. 

Note 2 — Induction periods can be more precisely 
and automatically measured by the break in the curve 
obtained by continuously recording the pU of the 
aqueous alkaline absorbent. In this case absorption 
tubes need to be modified, 

8.3.1 The provisions of Appendix B of IS : 
12177-1987* shall apply. 

8.4 Valatile Acidity Determination — Titrate 
the water in the absorption tube using 0*1 N 
alcoholic KOH solution and calculate as in 8.4.2. 
Add to the result obtained, 0*28 mg KOH/g oil 
to obtain the volatile acidity formed during the 
total test period. 

8.4.1 Total Acidity — The total acidity is 
obtained by adding the soluble acidity to the 
volatile acidity. 

8.4.2 Oxidation Rate Measurement — It wil 
sometimes be useful to obtain the oil oxida- 
tion rate over the entire test period. A graphical 
representation of this can be obtained if volatile 
acidity is daily titrated and the NV (, VA ) plotted 
against time. In this case, the induction periojd is 
obtained by the time corresponding to the NV 
( VA ) = 0"28 mg KOH/g oil. Pure water ( 25 
ml ) is used as the absorbing agent instead of the 
alkali solution. The total volatile acidity NV 
( VA ) is the sum of the daily volatile acidities. 

For daily titrations, the following procedure is 
adopted: 

a) Disconnect the absorption tubes; 

b) Titrate the volatile acidity with O'l N 
alcoholic KOH solution using a few drops 
of phenolphthalein as indicator: 



♦Methods of test for oxidative ageing of electrical 
insulation of petroleum oils by the open beaker method. 
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c) Reconnect the absorption tube without 
replacing the water; and 

d) Calculate the volatile neutralization value, 
in milligrams of KOH per gram of oil, as 
follows: 

Daily volatile acidity ^ 



25 



where 



M =^ normality of the alcoholic KOH 
solution, and 

a - ml of O'l N KOH alcoholic 
solution used in the titration. 

9. NUMBER OF TESTS 

9.1 The test shall be done in duplicate. 

10. REPORT 

10.1 The average of the two determinations is 
reported as the induction period. 

11. PRECISION 

11.1 The following criteria should be used for 
judging the acceptability of results ( 95 percent 
confidence ): 



Repeatability (r ) : Duplicate results by the 
same operator should be considered suspect, 
if they differ by more than the amount 
mentioned in the table heretinder. 

Reproducibility ( J? ) : The results submitted 
by each of two laboratories should be 
considered suspect, if the two results differ 
by more than the amount mentioned in the 
table hereunder: 



Induction Period 
(r) 
10 percent 



100 h 

(Ji) 

40 percent 



12. LIMIT 



12.1 Limits for the induction period, sludge and 
any of the other determination should be based 
on the performance of the oil of which the conti- 
nuity in properties is being established. 

12.2 For guidance only, it may be stated that, 
induction periods in the range of 1 20 to 200 h 
are typical. 



Range 

Immersion line from the bottom 100 mm 

Graduations: 

Subdivisions 0*2''C 

Long lines at each TC 

Number at each 2°C 

Scale error. Max 0'2X 

Expansion chamber permits 180**C 
heating to 



APPENDIX A 

{ Clause 3.2AI ) 

THERMOMETER SPECIFICATION 

98 to 152X Total length 



Stem diameter 
Bulb length 
Bulb diameter 



Distance from the bottom of 
bulb to 98*0 

Distance of contraction chamber 
to top, Max 



395 ± 5 mm 

60 to 7*0 mm 

15 to 20 mm 

Not greater 
than stem 

125 to 145 mm 
35 mm 



BUREAU OF INDIAN STANDARDS 



Headquarters; 

Manak Bhavan, 9 Bahadur Shah Zafar Marg. NEW DELHI 110002 
Telephones: 331 01 31, 331 13 75 

Regional Offices: 

Central: Manak Bhavan, 9 Bahadur Shah Zafar Marg, 
NEW DELHI 110002 

♦Eastern: 1/14 C.I.T. Scheme VII M, V.I.P. Road, Maniktoia, 
CALCUTTA 700054 

Northern: SCO 445-446, Sector 35-C, CHANDIGARH 160036 

Southern: C.I.T. Campus, IV Cross Road, MADRAS 600113 

tWestern: Manakalaya, E9 MIDC, Marol, Andheri ( East ). 
BOMBAY 400093 

Branch Offices: 



Telegrams : Manaksanstha 
( Common to all offices ) 

Telephone 

331 01 31, 331 13 75 

36 24 99 

2 18 43, 3 16 41 

41 24 42. 41 25 19, 41 29 16 

6 32 92 95 



'Pushpak* Nurmohamed Shaikh Marg, Khanpur, AHMADABAD 380001 

tPeenya Industrial Area, 1st Stage, Bangalore-Tumkur Road, 
-'BANGALORE 560058 

Gangotri Complex, 5th Floor, Bhadbhada Road, T.T. Nagar, 
BHOPAL 462003 

^lot No. 82/83, Lewis Road, BHUBANESHWAR 751002 
%3/5 Ward No. 29, R,G. Barua Road, 5th By-lane, GUWAHATI 781003 
6-8-56C L.N. Gupta^ttl ( Nampally Station Road ), 

HYDERABAD S^W 
R14 Yudhister Marg, C Scheme, JAIPUR 302005 
117/418 B Sarvodaya Nagar, KANPUR 208005 
Patliputra Industrial Estate, PATNA 800013 
T.C. No. 14/1421, University P.O. Paiayam, TRIVANDRUM 695034 

Inspection Offices ( With Sale Point ): 

Pushpanjali, First Floor, 205A West High Court Road, Shankar N^gar 
Square, NAGPUR 440010 

Institution of Engineers ( India ) Building, 1332 Shivaii Nagar. 
PUNE 411005 



2 63 48, 2 63 49 
38 49 55, 38 49 56 

6 67 16 





5 36 27 




3 31 77 




23 10 83 


6 34 71 


, 6 98 32 


21 68 76, 


21 82 92 




6 23 05 


6 21 04 


\. 6 21 17 




2 31 71 




5 24 35 



•Sales Office in Calcutta is at 5 Chowringhee Approacfi, P.O. Princep Street, Calcutta 700072 

tSales Office In Bombay Is at Novelty Cfiambers, Grant Road, Bombay 400007 

tSales Office In Bangalore is at Unity Building, Narsimliaraia Square, Bangalore 560002 



27 68 00 
89 65 28 
22 39 71 



Printed at Saini Printers, Delhi, India 



